The objective of the study was to evaluate the state of the cardiovascular system, systemic inflammation markers and oxidant/|antioxidant balance in patients with relapsing-remitting multiple sclerosis. Patients with multiple sclerosis were examined neurologically using the Expanded Disability Status Scale. Instrumental methods included a comprehensive assessment of the cardiovascular system (24-hour ECG monitoring and 24-hour blood pressure monitoring with determination of the daily vascular wall stiffness, and echocardiography). Laboratory methods included complete blood count and biochemical analysis, including lipid profile, glycemia, and C-reactive protein determination. The parameters of oxidative stress (acyl hydroperoxide) and antioxidant protection (glutathione peroxidase, superoxide dismutase) were studied; a marker of endothelial dysfunction (vascular cellular adhesion molecule-1) was analyzed. Results. In the group of patients with multiple sclerosis, there was an increase in C-reactive protein and vascular cellular adhesion molecule-1 in comparison with the control group (p < 0.001). The parameters of oxidative stress and antioxidant protection were significantly increased (p < 0.001). According to the results of 24-hour blood pressure monitoring the variability of systolic blood pressure and diastolic blood pressure during daytime hours was reduced in comparison with the control group, (р < 0,026) and (p < 0.002), respectively. The parameters of daily vascular wall stiffness in the group of patients with multiple sclerosis were significantly increased (p < 0.001). According to the results of 24-hour ECG monitoring, no heart rhythm disorder was detected in both groups. In the group of patients with relapsing-remitting course of multiple sclerosis, an increase in the number of supraventricular extrasystoles was detected in comparison with the control group (p < 0.005). The main parameters of echocardiography were within normal values, no significant differences between the groups were found. Conclusion. The study showed that multiple sclerosis patients are at risk of developing cardiovascular diseases and require increased attention to prevent their development.
Multiple sclerosis (MS) is one of the biggest challenges facing modern neurology, and it occupies a special place among demyelinating diseases as the most prevalent one [1] . This disease mostly affects young people who lead an active working and social life [2, 3] . MS is a multifactorial disease where viral infection, genetic predisposition, as well as extrinsic factors, including environmental factors play a key role in its initiation and development [3] . Worldwide prevalence of MS is about 2.3 million people, although this figure continues to rise [4] . Prevalence of MS in Russia varies from 30 to 100 cases per 100,000 people [5] . The course of MS and its clinical symptoms are extremely diverse and labile. At the present time, MS is classified according to the activity of pathologic process reflected by the type of disease [3, 5] . Relapsing-remitting clinical course is reported in 85-90 % of patients at the onset of MS. It is characterized by distinct exacerbations alternating with remission. The primary pathogenetic mechanism of relapsing-remitting MS is immunopathological reactions [3, 6] . With an increase in overall life expectancy of patients with MS, it is necessary to consider risk data on potentially preventable diseases [7, 8] . Identification of a risk of cardiovascular diseases (CVD) in patients with MS is essential in optimizing patient management and assessment of the course of the disease. Comorbidity in MS can affect life quality, the course and approaches to treatment of the disease. There is contradictory data on the risk of cardiovascular morbidity in MS. On the one hand, a number of studies have shown that MS is a risk factor for cardiovascular pathology [8] [9] [10] [11] [12] . Other researchers have not found any statistically significant relationship among different types of MS and the risk of CVD [6, [13] [14] [15] [16] . Several literary sources describe MS treatment methods with cardiotoxic effect [8, 11] .
Study objective: to study the condition of the cardiovascular system in patients with relapsingremitting multiple sclerosis, with assessment of vascular injury markers and oxidant/antioxidant balance.
Materials and methods
The study included 45 patients (17 Patients of both groups underwent general clinical examination: complete blood count and biochemical analysis, including lipid profile (total cholesterol, triglycerides, high-and low-density lipoproteins), glycemia, and high-sensitivity C-reactive protein (CRP). The following parameters were also identified: endothelial dysfunction marker (vascular adhesion molecule-1 (VCAM-1)), oxidative stress (acyl hydroperoxides (AHP)) and antioxidant defense (superoxide dismutase (SOD) and glutathione peroxidase (GPO)) indices. Daily blood pressure monitoring (24-hour BPM) was performed using BpLab portable monitors capable of identifying the 24-hour vascular wall stiffness (mean PWVao). Holter ECG monitoring (ECG HM) was performed using Microvit MT-101/200 Holter ECG monitoring system (SCHILLER, Switzerland). The analyzed parameters included basic rhythm, medium, maximum and minimum heart rate (HR) for 24 hours, presence of pauses, number of extrasystoles, and ST segment dynamics. Central hemodynamics was studied by echocardiography (Echo-CG) using Vivid 7 Expert echocardiograph (GE Medical Systems) according to the generally accepted method. Wall thickness, left ventricular (LV) cavity dimension, left atrial (LA) longitudinal size were assessed from the parasternal access along the LV long axis. Diastolic thickness of interventricular septum (IVST, cm) and left ventricular posterior wall (LVPW, cm), left ventricular end-diastolic (EDD, cm) and end-systolic diameters (ESD, cm), left ventricular end-diastolic (EDV) and end-systolic volumes (ESV) were measured. Also, left ventricular ejection fraction (EF, %) was assessed according to Simpson's rule. Left ventricular mass (LVM) was calculated by the formula of R.B. Devereux et al. Left ventricular mass index (LVMI) was calculated based on LVM indexed to the body surface index of the examined patient (S, m 2 ). LVMI was calculated to assess the left ventricular hypertrophy (LVH), with the upper limit of normal of 95 g/m 2 for females and 115 g/m 2 for males. Statistical processing and analysis of the data obtained were performed using SPSS 22.0 software. The type of data distribution was identified by the Kolmogorov -Smirnov test. Sampling was described using the median, the first and third quartiles, as the data was not primarily normally distributed. The comparison in the groups was performed using the Mann -Whitney test. Differences were considered significant with p < 0.05.
Results and discussion
Patients from both groups were comparable on basic anthropometric and general clinical parameters. Clinical and laboratory characteristics of MS patients and control group patients are shown in Table 1 . All of the patients had normal office blood pressure (BP), with no anamnestic signs of hypertension. According to the results of 24-hour BPM, no statistically significant difference was found in dayand night-time BP in both groups. Comparison of 24-hour BPM figures in groups 1 and 2 is provided in Table 2 . The BP variability assessment draws attention to the significant reduction in variability of daytime systolic blood pressure (VarSBP) in MS patients as compared to the control group (p < 0.026). However, these figures were within the normal range. A similar trend was found when assessing the variability of daytime diastolic blood pressure (VarDBP) in MS patients as compared to the control group (p < 0.002). A number of studies show data on the relationship between blood pressure variability and cardiovascular complications. On the one hand, it was noted that the increase in BP variability contributes to the development of endothelial dysfunction due to suppressed production of nitric oxide and effect on vascular intima, which, in turn, can result in atherogenesis [17] . On the other hand, patients with high variability show increased activity of the sympathetic nervous system, as a result of which vascular tone increases, especially during morning hours, which leads to a higher risk of cardiovascular complications [10, [18] [19] . Considering the study data (reduced blood pressure variability in MS patients as compared to the control group), it can be assumed that the decrease of BP variability in MS shows the lack of effect of the above-mentioned mechanisms on the risk of development of cardiovascular complications. According to the night-time reduction in diastolic blood pressure (DBP night), most MS patients showed insufficient reduction in diastolic blood pressure (DBP) (non-dippers), and normal nighttime DBP (dippers) prevailed in the control group (p < 0.017). There are literary data on the increased nighttime activity of sympathoadrenal system in patients with impaired 24-hour BP profile. It has been established that non-dippers had disturbed circadian rhythm of the autonomic nervous system activity, higher nighttime activity of the sympathetic nervous system, as well as inadequate activity of the parasympathetic nervous system [20] . groups. No significant changes were found for ST segment in both groups. The increased level of supraventricular arrhythmia in MS patients reflects an imbalance in the sympathetic/parasympathetic regulation. According to echocardiography, left atrial longitudinal dimension, left ventricular linear dimensions (ESD, EDD, IVS, LVPWT, EDV, ESV) and LV systolic function indices (EF) were within the normal range in both groups. LVM and LVMI also did not exceed threshold values both in MS patients and in the control group. No statistically significant differences in the above-mentioned figures were found in both groups. The leading role in the pathogenesis of multiple sclerosis belongs to immune inflammation, activated oxidative stress and impaired antioxidant defense mechanisms. In MS, humoral immunity is activated, activity of macrophages is higher. As a result, non-specific mechanisms of phagocytosis become active and oxidative stress develops in nerve and glial cells, which leads to the destruction of myelin sheath of axons and reduction in their number [3, [22] [23] [24] . Non-clinically significant increase of CRP was found in the group of patients with relapsingremitting MS as compared to the control group (p < 0.001). Comparative characteristics of the study groups according to the markers of systemic inflammation, endothelial dysfunction and oxidant/antioxidant system are presented in Table 3 .
Comparison of the two groups showed a significant increase of endothelial dysfunction marker of VCAM-1 in MS patients (p < 0.017). This increase is associated with more pronounced endothelial injury processes in patients with multiple sclerosis, which developed under the effect of oxidative stress, which results in endotheliocytes being activated and adhesion molecules being expressed [25, 26] . Oxidative stress was assessed based on AHP, and was higher in MS patients as compared to the control group (p < 0.001). Antioxidant defense indicators were also significantly higher in MS patients as compared to the control group: GPO (p < 0.001), SOD (p < 0.001). Thus, in MS patients, the activation of antioxidant systems occurs in response to the increased oxidative stress, with the formation of the oxidant/ antioxidant balance at a new level. These processes are typical for the early stages of various diseases, including cardiovascular pathology. It has been established that, in patients with progressive MS, oxidant/antioxidant imbalance occurs in response to the continuous production of reactive oxygen intermediates due to inhibited activity of antioxidant enzymes [27, 28] .
Conclusions
Based on the examination performed when comparing patients with relapsing-remitting MS and the control group, the average daily BP figures are within the normal range, without significant differences between the groups. There are no statistically and clinically significant differences in morphofunctional characteristics of the cardiovascular system (Echo-CG and ECG HM). Increase in oxidative stress (AHP), antioxidant defense (SOD, GPO), CRP, endothelial dysfunction marker (VCAM-1) is observed in MS patients, which demonstrates the systemic damaging effect of reactive oxygen intermediates and activation of antioxidant defense, with the development of systemic inflammation and endothelium dysfunction. Increased vascular wall stiffness is reported in MS patients, despite the absence of day-and nighttime SBP and DBP abnormalities, which demonstrates increased risk of cardiovascular complications in these patients. Considering the study results, markers of a higher risk of developing cardiovascular diseases were found in patients with MS, thus indicating the need to pay special attention to this group of patients to develop strategies for prevention and early diagnosis of a cardiovascular pathology. At the same time, the systemic pathology of small vessels may be one of pathogenetic mechanisms of multiple sclerosis and may increase with the disease progression [21, 24] .
